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Abstract  and  Keywords
In  this  chapter  the  authors  discuss  the  emotional  power  of  the  singing  voice.  The  chapter  begins  by  providing  an
overview  of  the  process  of  externalization  of  emotions  by  the  human  voice.  Then,  the  authors  discuss  some
fundamental  determinants  of  emotional  expression  in  singing,  namely  the  ‘emotional  script’,  the  artistic
interpretation,  and  the  singer’s  affective  state.  Next,  they  describe  the  manner  in  which  expressed  emotions  are
encoded  in  the  voice  by  singers  and  recognized  by  listeners,  and  compare  it  with  vocal  expression  in  everyday
life.  Finally,  they  identify  various  methodologies  that  can  enhance  understanding  of  the  physiology  of  vocal
production  and  the  acoustic  cues  fundamental  to  perception  and  production  of  expressive  sung  performance.
The  authors  propose  that  the  knowledge  gained  from  application  of  these  methodologies  can  inform  singing
practice,  and  that  interdisciplinary  approaches  and  cooperation  are  central  aspects  of  a  fruitful  and  sustainable
study  of  the  expressive  powers  of  the  singing  voice.
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Introduction
The  view  that  music  is  a  powerful  means  of  emotional  expression  and  communication  has  a  long  standing
tradition.  Indeed,  composers,  musicologists,  philosophers  and  psychologists  interested  in  music  have  repeatedly
discussed  and  theorized  (often  controversially)  about  the  ways  in  which  music  is  able  to  express  different
emotions,  and  to  induce  them  in  the  listener  (Bever,  1988;;  Clynes,  1977;;  Cooke,  1959;;  de  la  Motte-­Haber,  1996;;
Fonagy,  1981,  1983;;  Juslin  and  Västfjäll,  2008;;  Kivy,  1988;;  Lundin,  1967;;  Scherer,  1991;;  Scherer  and  Coutinho,
2013).  In  this  discussion,  vocal  music  plays  a  very  special  role,  particularly  if  we  consider  the  connections
between  the  evolution  of  non-­verbal  affective  expression,  the  origins  of  music,  and  its  power  to  produce  emotions
in  the  listener.  The  nature  of  these  emotions  and  their  components  (physiological  arousal,  action  tendencies,
motor  expressions,  feelings)  are  a  matter  of  debate  (which  we  cannot  go  into  in  this  context,  but  see  Scherer  and
Coutinho,  2013).
In  an  evolutionary  context,  it  is  instructive  to  review  the  precursors  of  emotion  expression  in  speech  and  singing,
in  particular  animal  vocalizations  and  interjections.  Scherer  (1985)  has  reviewed  research  on  animal
communication,  which  demonstrates  that,  in  many  species,  affective  states,  generally  linked  to  changes  in
physiological  arousal,  are  externalized  in  vocalizations  and  serve  specific  communication  functions,  often
involving  acoustic  patterns  that  are  similar  across  species.  Closely  resembling  such  animal  affect  vocalizations,
one  finds  rudiments  of  non-­linguistic  human  affect  vocalizations,  often  referred  to  as  ‘interjections’  (such  as
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‘ouch’,  ‘ai’,  ‘oh’  or  ‘yuck’).  Scherer  (1994)  has  reviewed  the  literature  in  this  domain  and  proposed  the  more
general  notion  of  ‘affect  bursts,’  based  on  a  general  theory  of  emotion  processes  and  the  role  of  communication.
Historically,  there  have  been  many  suggestions  by  both  philosophers  (e.g.  Rousseau  and  Herder)  and  natural
scientists  (e.g.  Helmholtz)  that  both  proto-­speech  and  proto-­music  have  evolved  from  such  primitive  affect
vocalizations.  For  instance,  Helmholtz  (1983),  one  of  the  pioneers  of  music  acoustics,  proposed  that  the  basics
of  musical  expression  originate  in  the  continual  refinement  of  the  natural  resources  of  the  preverbal
Affektvokalisationen  (see  Scherer,  1995).  In  the  process  of  conventionalization  and  ritualization,  expressive
signals  may  have  been  shaped  by  the  constraints  of  transmission  characteristics,  limitations  of  sensory  organs,
or  other  factors,  and  the  resulting  flexibility  of  the  communication  code  may  have  fostered  the  evolution  of  more
abstract,  symbolic  systems,  such  as  language  and  music.  This  is  likely  to  have  occurred  in  close  conjunction
with  the  evolution  of  the  brain—just  as  newer  neocortical  structures  with  highly  cognitive  modes  of  functioning
have  been  superimposed  on  older  ‘emotional’  structures,  such  as  the  limbic  system,  the  evolution  of  human
speech  as  a  system  of  discrete  information  encoding  and  transmission  (and  of  musical  scales  and  conventions
for  singing)  has  made  use  of  the  more  primitive,  analog  (continuous)  vocal  affect  signalling  system  as  a  carrier
signal  (see  Scherer,  2013a,  2013  for  a  more  extensive  discussion  of  this  evolutionary  perspective).
Vocalization,  which  continued  to  serve  as  the  carrier  for  analog  emotion  expression,  became  the  production
system  for  the  highly  formalized,  segmental  systems  of  language  and  singing.  As  a  consequence,  both  of  these
functions  needed  to  be  served  at  the  same  time.  For  example,  in  speech,  changes  in  fundamental  frequency
(F0),  formant  structure,  or  the  spectral  characteristics  of  phonation,  can,  depending  on  the  language  and  context,
serve  to  communicate  phonological  contrasts,  syntactic  choices,  pragmatic  meaning,  or  emotional  expression.
Similarly,  in  music,  melody,  harmonic  structure,  or  timing  may  reflect  the  composer’s  intentions,  depending  on
specific  traditions  of  music,  and  may  simultaneously  induce  strong  emotional  moods  (e.g.  Gabrielsson  and
Lindström,  2010).  This  fusion  of  two  signal  systems,  which  are  quite  different  in  function  and  in  structure,  into  a
single  underlying  production  mechanism,  vocalization,  has  proven  to  be  singularly  efficient  for  the  purpose  of
communication.
If  the  origins  of  music  are  indeed  rooted  in  the  emotional  expression  of  the  human  voice,  then  the  singing  voice
(or  vocal  music)  is  the  most  likely  candidate  to  evoke  strong  emotional  feelings.  In  this  chapter,  we  approach  this
issue  by  providing  an  overview  of  the  process  of  externalization  of  emotions  by  the  human  voice,  by  discussing
the  determinants  of  emotional  expression  in  singing,  and  by  describing  the  manner  in  which  expressed  emotions
are  encoded  in  the  voice  by  singers  and  recognized  by  listeners.
The  externalization  of  emotion  by  the  voice
Emotions  produce  pervasive,  although  generally  short-­lived,  changes  in  the  organism  as  a  whole.  They
represent  reactions  to  events  of  major  significance  to  the  individual  and  mobilize  the  necessary  and  available
organismic  resources  to  cope  with  the  respective  situation,  whether  positive  or  negative.  Such  changes  involve
a  complex  ensemble  of  physiological  and  psychological  processes  and  states,  and  one  of  the  fundamental
outcomes  of  an  emotional  episode  is  the  production  of  expressive  displays.
As  first  demonstrated  in  Darwin’s  (1998)  classic  work  on  the  expression  of  emotion  in  man  and  animals,
emotional  expression  serves  the  vital  function  of  externalizing  an  individual’s  reaction  and  action  propensity,  and
of  communicating  this  information  to  the  social  environment.  Just  as  emotion  is  phylogenetically  continuous,
found  in  more  or  less  rudimentary  form  in  many,  particularly  mammalian,  species,  so  is  emotional  expression,
particularly  in  species  in  which  social  life  is  based  on  complex  interactions  among  individuals.  All  expressive
modalities,  particularly  bodily  posture,  facial  configurations,  and  vocalization,  are  involved  in  emotion
communication.
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Speech  production  is  mostly  controlled  by  the  neocortex  (e.g.  Schulz  et  al.,  2005).  Specific  motor  commands
produce  appropriate  phonatory  and  articulatory  movements  for  the  desired  sequence  of  speech  sounds,
including  intentionally  produced  prosodic  features  (intonation,  voice  quality).  The  intended  vocal  effects  are
mostly  produced  by  phasic  activation  of  the  muscles  serving  phonation  and  articulation.  The  effects  of  emotional
arousal  on  the  vocalization  process  are  primarily  controlled  by  the  limbic  system  (Jürgens,  1979;;  Robinson,
1972).  They  are  generally  produced  via  tonic  activation  in  the  somatic  nervous  system  (in  particular,  the  striated
musculature)  and  sympathetic,  as  well  as  parasympathetic,  activation  of  the  autonomous  nervous  system.  In
addition,  direct  sympathetic  or  parasympathetic  effects,  such  as  respiratory  changes  and  the  secretion  of  mucus
can  affect  the  vocalization.
Since  vocalization  mirrors  the  activity  of  various  functional  aspects  of  the  nervous  and  somatic  systems,  one
would  expect  many  different  causal  effects  of  emotion  in  the  voice.  Given  the  manifold  determinants  of  voice
production  processes,  even  slight  changes  in  physiological  regulation  will  produce  variations  in  the  vocal  output.
This  is  shown  by  the  fact  that  even  if  a  speaker  attempts  to  reproduce  a  particular  utterance  in  exactly  the  same
way  immediately  after  having  spoken  it  for  the  first  time,  some  changes  are  likely  to  occur.
Despite  this  description,  it  should  be  mentioned  that  acoustic  patterns  are  not  a  simple  mirror  of  emotion-­
produced  changes  of  the  internal  physiological  system.  Indeed,  since  vocalization  has  developed  in  part  as  a
social  communicative  signalling  system,  the  externalization  of  internal  states  has  been  supplemented  by  display
mechanisms  producing  specific  impressions  in  the  listener  (independent  of  internal  state).  For  instance,  in
constrained  (e.g.  formal)  situations  requiring  specific  emotional  displays  (such  as  politeness  or  cheerfulness)
one  will  likely  produce  the  appropriate  (e.g.  pleasant)  voice  quality  (in  spite  of  one’s  own  feelings).  Indeed,  human
vocalization  is  also  partially  determined  by  such  social  ‘display  rules’  (Ekman,  1983;;  Wundt,  1900;;  see
Leyhausen,  1967,  for  a  thorough  discussion  on  the  evolution  of  expressive  communication  systems).
One  way  of  understanding  the  different  factors  influencing  vocal  expression  of  emotion  is  through  the  distinction
between  push-­  and  pull-­effects  introduced  by  Scherer  (Scherer,  1985,  1989;;  Scherer  and  Kappas,  1988).  These
two  classes  of  effects  distinguish  between  the  determining  factors,  which  operate  on  vocalization.  Push-­effects
are  produced  by  the  physiological  changes  that  accompany  emotional  arousal  (the  ones  we  referred  to  in  the
previous  paragraphs)  and  that  consequently  change  the  voice  production  mechanism  in  stereotypical  ways  (e.g.
increased  tension  of  the  laryngeal  muscles,  in  addition  to  subglottal  pressure  and  other  factors,  will  lead  to  the
production  of  higher  fundamental  frequency  of  the  voice).  Pull-­effects,  instead,  are  independent  of  the  internal
physiological  processes  in  the  organism.  Their  origin  is  found  in  external  factors,  such  as  ritualized  or
conventionalized  acoustic  patterns  of  communication  (which  are  required  to  ensure  information  transfer),
constraints  on  the  acoustic  signal  structure  imposed  by  a  communication  channel  or  the  environment,  or  the
need  for  self-­presentation  (given  the  impression  formation  rules  of  the  listeners).  In  most  cases,  the  acoustic
structure  of  a  vocalization,  particularly  in  humans,  is  determined  by  both  types  of  effects:  the  effects  of  emotion-­
related  physiological  changes  internal  to  the  organism,  and  effects  of  external  constraints  or  social  target
patterns.  Given  the  difficulty  of  disentangling  the  two  types  of  effects,  most  studies  so  far  have  not  differentiated
between  push  and  pull  effects.
Factors  determining  emotional  expression  in  singing
Having  briefly  outlined  the  process  by  which  emotion  in  the  voice  is  externalized,  we  describe  now  some  factors
that  we  identify  as  determining  the  expression  of  emotion  in  the  singing  voice.
Unfortunately,  in  the  field  of  psychology,  there  are  only  a  few  cases  in  which  the  emotional  expression  of  singers
has  been  systematically  and  comprehensively  studied.  One  reason  for  this  may  be  the  large  number  of  factors
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that  are  involved.  For  instance,  in  the  case  of  operatic  singing,  the  expression  of  emotion  is  related  to  the  music
itself  (e.g.  the  score,  interpretation  of  the  score,  performance  expression),  to  the  psychological  interpretation  of
both  the  action  and  the  characters  by  the  director,  by  the  timing  of  the  conductor,  as  well  as  the  singer’s  intuition
and  empathy  with  the  character,  and  the  atmosphere  created  by  the  audience.  Naturally,  all  this  makes  it
extremely  difficult  to  isolate  the  effects  of  the  singing  voice,  and  to  apply  the  experimental  methods  that  are  often
used  in  the  study  of  emotional  expression  in  the  speaking  voice  (see  Banse  and  Scherer,  1996;;  Scherer,  1986).
Here,  we  outline  three  aspects  of  particular  importance  to  the  understanding  of  emotional  expression  in  singing:
•  the  emotional  expression  of  the  composer’s  intentions  (hereafter  ‘emotional  script’);;
•  the  emotional  interpretation  of  the  singer;;
•  the  emotional  state  of  the  singer  during  the  performance.
This  chapter  focuses  on  emotional  expression  in  the  singing  voice,  but  not  the  way  that  people  perceive  those
emotions  or  even  feel  them.  For  an  exploration  of  the  elements  that  construct  and  shape  our  responses,
including  emotional,  to  sung  performances,  refer  to  Himonides  (2009).
Emotional  script
The  emotional  expression  in  the  singing  voice,  particularly  in  the  lyric  arts,  such  as  operatic  and  classical
singing,  is  greatly  determined  by  the  composer’s  score.  Composers  have  a  wide  variety  of  musical  resources
available  by  means  of  which  they  can  structure  music  and  convey  emotional  meaning  to  listeners.  These
parameters  (or  music  structural  aspects)  are  often  designated  in  terms  of  musical  notations  and  include,  among
others,  melody,  rhythm,  tempo,  dynamic  markings,  pitch,  intervals,  mode,  harmony,  and  instrumentation,  which
are  crucial  carriers  of  emotional  meaning  in  music  (see  Gabrielsson  and  Lindström,  2010)  and,  together  with
performance  practices  determining  appropriate  interpretation  of  such  notation,  leave  only  a  few  degrees  of
freedom  for  the  artist’s  personal  emotional  interpretation  of  the  role.
Not  only  will  the  notated  music  and  associated  performance  practices  limit  the  singers’  freedom  to  convey
emotion  while  singing,  but  in  addition,  the  text  of  the  libretto  (or  the  lyrics)  and  annotations,  establish  an  ‘emotional
script’,  which  is  given  to  the  singers  and  binds  their  performance  to  the  way  that  the  piece  is  presented
emotionally  by  the  composer  and  writer.  These  limitations  to  the  singer’s  interpretation  contrast,  for  instance,  to
theatre,  in  which  voice  quality  and  prosodic  aspects  are  designed  to  be  relatively  free,  and  used  to  show  the
affective  state  of  the  respective  character.
In  some  genres  an  ‘emotional  script’,  in  the  sense  of  a  notated  score,  may  be  absent  altogether,  as  is  often  the
case  in  popular  and  folk  genres,  for  instance.  Nonetheless,  a  script  of  sorts  still  exists,  albeit  passed  on  aurally,
through  ‘sessions’  and  recordings.  In  that  sense,  singers  of  popular  genres  are  just  as  beholden  to  lyrics,
precomposed  musical  materials,  and  associated  performance  conventions.  Where  the  approach  differs  is
perhaps  regarding  the  degree  of  reverence  held  for  a  composer’s  intentions,  assuming  the  composer  is  even
known  (commonly  not  the  case  in  folk),  and  is  not  the  singer  him  or  herself.
Artistic  interpretation
Although  the  emotional  script  may  often  determine  the  emotional  expression  of  the  singer,  another  central  aspect
to  this  process  is  the  singer’s  own  interpretation  of  it.  That  includes  the  understanding  of  the  moods  and/or
emotions  expressed  in  a  song,  and,  in  the  case  of  operatic  singing  or  musical  theatre,  the  emotions  that
characterize  a  particular  character.
The  impact  of  the  artistic  interpretation  can,  nevertheless,  greatly  vary  depending  on  the  type  of  music.  For
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instance,  a  pervading  performance  ideology  in  the  lyric  arts  is  that  the  faithful  representation  of  the  emotional
qualities  of  the  composer’s  work  and  intentions  is  an  essential  aspect  of  a  good  vocal  performance  (see  singers’
statements  in  Scherer,  2013b).  In  these  cases,  singers  agree  that  a  strong  emotional  involvement  with  the
composer’s  intentions  (and  specific  role)  enables  them  to  slip  into  the  role  of  the  protagonist  and  to  portray  the
appropriate  emotional  states  convincingly.
However,  this  can  be  seen  as  just  one  approach  to  emotional  expression.  In  the  case  of  popular  genres  it  is
helpful  to  note  the  distinction  drawn  by  Frith  (1996)  between  the  different  layers  simultaneously  present  in  sung
performance—the  idea  that  the  singer  is  simultaneously:
•  performing  him  or  herself,  and  is  therefore  personally  expressive;;
•  performing  a  star  persona;;
•  performing  a  song  character.
A  prevalent  reception  ideology  associated  with  this,  in  opera  or  Lieder  singing,  as  well  as  in  pop  and  rock,  is  the
idea  of  ‘authenticity’;;  namely,  that  the  singer  expresses  sincerely-­felt  emotions,  most  often  their  own,  or  those  of
a  character  they  are  portraying  (Dibben,  2012;;  Scherer,  2013b).  In  the  case  of  popular  performance  then,  it  is  not
truth  to  a  composer’s  work  or  intention  which  is  paramount,  but,  more  commonly,  truth  to  the  singer’s  self.
Hence,  there  can  be  a  great  deal  of  expressive  leeway  in  how  performers  interpret  the  same  song,  and  even
how  the  same  performer  may  perform  a  song  on  different  occasions.
So  far,  we  have  treated  the  singer  as  if  their  interpretive  choices  take  place  outside  any  historical  or  social
context,  yet  this  is  evidently  not  the  case.  As  we  alluded  to  above  in  relation  to  the  emotional  script,  singers  work
within  a  set  of  performance  conventions  and  these  will  influence  both  their  emotional  interpretation  of  the  music
and  how  they  realize  that  interpretation.  A  large  literature  on  music  performance  expression  has  shown  that
performers  manipulate  pitch,  timing,  dynamics,  articulation,  and  timbre  to  deviate  from  local  or  broader  stylistic
norms  (see,  for  instance,  Sundberg  et  al.,  2013),  and  do  this  in  ways  systematically  related  to  musical  structure
(Windsor,  2009).  Models  of  performance  expression  argue  that  one  of  the  purposes  of  such  micro-­variation  is  to
convey  emotion  (Juslin  et  al.,  2002).  However,  which  parameters  are  varied,  to  what  degree,  and  with  what
effect,  differs  according  to  social  and  historical  circumstance.  A  good  example  of  this  in  the  case  of  singing  is  the
use  of  portamento  (the  legato  glide  between  notes).  Potter  (2006)  shows  that,  having  been  widely  used  in  art
singing  up  until  the  Second  World  War,  the  use  of  portamento  went  into  decline,  and  is  now  regarded  as
inappropriate  and  even  vulgar.  Conversely,  and  not  coincidentally,  the  use  of  portamento  increased  in  popular
genres  during  the  same  period.  Potter  attributes  this  change  to  the  rejection  of  the  sentimentality  and  emotion
perceived  to  be  conveyed  by  portamento,  and  its  association  with  low-­brow  art.  Thus,  while  emotional
expression  in  singing  can  be  thought  of  as  arising  from  individual  singers  and  performances,  those  individual
instances  are  themselves  shaped  by  larger  socio-­historical  patterns.
Singer’s  affective  state
The  physiological  changes  that  accompany  emotional  responses  often  affect  speakers’  breathing,  phonation,
and  articulation  (Scherer,  1986).  Analogously,  one  can  assume  that  the  emotional  state  of  a  singer  has  a  similar
effect  on  their  voice.  Unfortunately,  there  are  no  systematic  studies  of  naturally  occurring  emotional  responses
by  singers  and  the  effects  on  their  voice.  Investigations  of  this  type  are  even  more  difficult  to  execute  in  singing
than  in  speech,  because  singing  activity  is  confined  to  certain  contexts,  such  as  performing  arts  and  very
specific  social  interactions  (e.g.  infant-­directed  singing  or  religious  ceremonies)—contrary  to  speech  that  is  used
systematically  for  interpersonal  communication  in  most  social  situations  (it  should  be  noted  that  singing  activities
are  also  forms  of  communication  between  individuals  (see  Welch,  2005);;  here,  we  want  to  emphasize  that  the
contexts  of  singing  and  speech  communication  are  different).  It  is,  nevertheless,  likely  that  the  performance
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aspect  of  singing  limits  the  range  and  intensity  of  the  emotions  performers  feel,  excluding  of  course  non-­
professional  performances  or  performances  outside  the  stage—a  caregiver  singing  a  lullaby  might  certainly  be
experiencing  calm  and  tenderness,  a  fan  singing  at  a  football  match  might  feel  strength,  unity,  elation,  etc.,  while
singing.  Indeed,  many  professional  singers  are  of  the  opinion  that  their  technique  would  suffer  if  they  let  their
emotions  run  wild  while  singing,  as  attested  to  by  performances  in  which  singers  are  visible  overtaken  by
emotions  (for  example,  see  performances  by  British  soul  singer  Adele,  such  as  ‘Make  You  Feel  My  Love’  (2011;;
M  http://www.youtube.com/watch?v=axBMs-­qK2t4).  Interviews  with  professional  opera  singers  (see  Scherer,
2013a)  show  the  tremendous  concern  of  opera  singers  to  find  the  right  compromise  between  abandonment  to
emotional  involvement  in  the  service  of  the  role  and  the  control  of  physiological  symptoms  required  for  the  proper
technique.  Singers’  physiologically  determined  emotional  states  are  certainly  a  powerful  factor  in  determining  a
large  number  of  vocal  characteristics  and,  in  some  cases,  may  be  necessary  to  operationalize  affective
intentions  (see  Scherer,  1986).
Perception  of  emotional  meaning  from  the  singing  voice
When  people  talk  about  the  emotional  effects  of  music,  they  usually  refer  to  the  perception  or  inference  of
emotional  cues  expressed  in  the  music,  and  not  necessarily  to  the  induction  of  these  or  other  emotional  states  in
the  listener.  While  it  is  parsimoniously  accepted  that  music  has,  indeed,  powerful  emotional  effects  (particularly
those  related  to  mood  induction  and  emotional  regulation),  these  experiences  can  (and  must)  be  clearly
distinguished  from  the  perception  or  interpretation  of  emotional  content  (the  expressiveness  of  music).  This
duality  is  also  valid  for  the  expression  of  emotion  in  the  speaking  and  singing  voice,  and,  in  this  section,  we  focus
on  the  perception  (or  decoding)  of  emotional  content  in  the  singing  voice.  In  particular,  we  will  address  two
central  aspects:  listeners’  capacity  to  infer  emotional  meaning  from  the  singing  voice,  and  the  acoustic  cues
used  that  allow  listeners  to  recognize  those  emotions  from  the  voice  alone.
Inference  of  emotional  meaning  from  the  singing  voice
While  it  is  legitimate  and  meaningful  to  examine  whether  listeners  can  accurately  perceive  particular  instances  of
emotional  meaning  in  the  speaking  voice,  it  is  unclear  if  it  makes  sense  to  ask  the  same  questions  in  the  field  of
singing.  Vocal  music,  such  as  Lieder,  chansons,  rock  or  folk  songs,  are  forms  of  art,  which  often  express  diffuse
and  complex  emotional  states  distinct  from  utilitarian  or  basic  emotions.  Even  if  the  composer  or  artist  intended  to
express  a  specific,  clearly  defined  and  labelled  emotion,  the  listeners  can  hardly  have  access  to  that  intention
(except,  of  course,  if  mirrored  in  the  lyrics  or  having  direct  access  to  relevant  information  about  the  artist).
Moreover,  the  expression  of  the  artist’s  intention  is  often  complex  and  hard  to  describe  with  a  single  label.  Many
of  the  intended  expressions  are  frequently  subtle,  contextual  (for  instance,  with  the  lyrics),  and  a  mixture  of  or  a
journey  around  several  emotion  categories  or  qualities.
Perhaps  for  these  reasons,  research  studies  on  emotion  recognition  from  the  singing  voice  are  scarce.
Nonetheless,  it  is  certainly  possible  (and  it  has  been  done)  to  devise  research  methods  to  infer  the  expressive
intention  of  singers.  For  instance,  similarly  to  studies  of  emotional  expression  in  the  speaking  voice,  which  uses
actors  to  portray  particular  emotions  (see  Juslin  and  Laukka,  2003,  for  a  meta-­analysis),  we  can  ask
professional  singers  to  sing  pure  tones  or  content-­free  syllables  in  such  a  way  that  they  portray  different  types  of
emotions,  and  then  present  the  recordings  of  these  portrayals  to  a  group  of  listeners  who  will  judge  the
expressive  intention  of  the  singer.  From  a  more  naturalistic  perspective,  a  promising  possibility  is  to  record  and
study  several  singers  singing  various  versions  of  the  same  song,  but  trying  to  express  different  emotions  (and
perhaps  with  varied  vocal  material).  By  maintaining  a  fixed  musical  context,  it  would  be  possible  to  understand
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the  extent  to  which  listeners  are  able  to  distinguish  these  different  interpretations,  which  differ  only  in  acoustic
characteristics  of  the  singing  voice  and  emotional  intention.
It  should  also  be  mentioned  that  it  would  be  much  more  difficult  to  address  the  question  of  how  listeners  can
identify  the  emotional  state  of  the  singer  (as  opposed  to  the  emotions  expressed  by  the  singer)  from  the  voice
alone.  For  practical  and  ethical  reasons,  it  is  impossible  to  induce  distinct  emotional  states  in  psychological
experiments  to  obtain  the  necessary  material  for  such  investigations.  Nonetheless,  it  could  be  possible  to  record
singers’  live  performances  and  ask  them  to  keep  a  diary  of  the  affective  experiences  lived  in  each  performance.
With  this  procedure  it  would  be  possible  to  evaluate  listeners’  ability  to  detect  variations  in  singers’  emotional
states  in  their  singing.  If  the  same  musical  work  is  performed  and  recorded  several  times,  it  would  additionally  be
possible  to  compare  subtle  variations  in  singers’  affective  states  and  their  impact  on  the  listeners’  recognition  of
the  singers’  emotional  state.  However,  it  is  questionable  to  what  extent  a  singer’s  personal  emotional  state  and
dramatic  interpretation  may  be  consistently  separated.  Most  likely,  both  will  interact  in  any  given  performance
and,  in  some  cases  such  as  some  popular  genres,  the  elision  of  the  affective  state  of  the  real  person  singing,
with  that  of  the  star  persona  or  song  character,  is  an  important  part  of  the  reception  ideology  of  the  music
(Dibben,  2012).
Acoustic  cues  in  the  inference  process
If  listeners  are  able  to  recognize  vocally-­portrayed  emotions  with  better  than  chance  accuracy  from  the  voice
alone,  it  should  be  possible  to  determine  which  acoustic  cues  they  perceive  and  utilize  in  the  process  of
recognizing  vocal  expressions.  Indeed,  this  association  has  been  at  the  very  center  of  researchers’  attention,
who  have  used  various  research  strategies  to  unveil  vocal  expressions  with  distinct  patterns  across  the
emotional  spectrum.
Due  to  the  generally  limited  access  to  natural  affect  expression  in  public  settings,  and  the  practical  and  ethical
concerns  raised  by  inducing  strong  emotions  in  the  laboratory  (Scherer  et  al.,  1991;;  Wallbott  and  Scherer,  1986),
very  frequently  researchers  ask  trained  actors  to  vocally  portray  or  simulate  different  emotions.  These  portrayals
are  then  judged  by  a  panel  of  subjects  and  analysed  in  terms  of  the  acoustic  features  associated  with  the
expression  of  particular  emotions.  Other  approaches  involve  instead  the  use  of  natural  speech  material,  including
excerpts  from  social  interactions  with  ‘real-­life’,  rather  than  artificially-­posed  emotions.
From  a  vocal  production  perspective,  some  researchers  have  also  used  electro-­acoustic  or  digital  equipment
and/or  voice  experts  to  measure  the  acoustic  and/or  phonatory-­articulatory  characteristics  of  the  vocal  emotion
portrayals,  and  to  then  correlate  these  with  the  listeners’  judgments  of  underlying  emotion  or  attitude  of  the
speaker.  Several  studies  of  this  type  have  also  yielded  important  information  on  which  vocal  characteristics
affect  the  judges’  inference  (Bänziger  et  al.,  in  press;;  van  Bezooijen,  1984;;  Wallbott  and  Scherer,  1986).
The  present  state  of  the  evidence  in  relation  to  the  acoustic  patterns  related  to  the  perception  of  specific
emotions  from  the  speaking  voice  is  summarized  in  Table  1.  The  acoustic  profiles  shown  pertain  to  some  of  the
most  investigated  classes  of  emotions  in  vocal  expressions,  as  reported  by  Juslin  and  Laukka’s  (2003)  meta-­
analysis,  and  Johnstone  and  Scherer’s  (2000)  review.  Both  works  include  mostly  intracultural  studies  and
portrayals  by  actors  of  a  few  full-­blown  emotions.
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Table  1.  Emotional  attributions  consistently  associated  with  acoustic  parameters  in  multiple  studies.  Table
adapted  from  Juslin  &  Laukka,  2003  (Table  11,  p.  802)  and  Scherer,  2003  (Table  1,  p.  233).
Happiness/  joy Tenderness Anger Fear Sadness
Speech  rate Fast Slow Fast Fast Slow
Voice  intensity Medium-­High Low High Low/  High Low
Voice  intensity  variability — Little Much Much Little
High-­frequency  Energy Medium–high Little Much Little Little
F0  mean High Low High High Low
F0  variability Much Little Much Little Little
F0  range High High — Low
F0  contour Rising Falling Rising/  Falling* Rising Falling
Voice  onsets Fast Slow Fast — Slow
Microstructural  irregularity Very  little No Yes A  lot Yes
Note:  F0,  fundamental  frequency.
(*)  Except  in  panic  fear,  which  is  related  to  high  intensity.
(**)  Except  (at  least)  in  rage,  which  is  related  to  falling  contours.
One  feature  of  these  findings  is  that  most  emotions  can  be  distinguished  in  terms  of  their  arousal  level  from
acoustic  cues.  Indeed,  emotions  associated  with  increased  arousal  levels  (happiness/joy,  anger  and  fear),
compared  with  those  characterized  by  lower  arousal  level  (tenderness  and  sadness),  are  associated  with  faster
speaking  rates,  higher  voice  intensity,  more  voice  intensity  variability,  higher  F0  mean  and  range,  rising  F0
contours,  and  faster  voice  onsets.  The  acoustic  characteristic  of  the  voice  that  most  effectively  distinguishes  the
various  emotions  in  terms  of  hedonic  value  is  microstructural  irregularity,  which  seems  to  characterize  negative
emotions.  Thus,  a  recent  study  (Scherer  et  al.,  in  press)  comparing  emotional  portrayals  of  professional  opera
singers  in  sung  phrases  with  speech  portrayals  by  professional  actors,  found  that  singers  tend  to  rely  more  on
the  use  of  vibrato,  possibly  because  of  the  restriction  of  other  dynamic  cues  that  are  determined  by  the  musical
score  (e.g.  accents,  intonation  and  rhythm).
Unfortunately,  whereas  a  wide  range  of  studies  have  dealt  with  these  issues  in  the  speaking  voice  (see  Scherer
et  al.,  2008  for  an  overview),  very  few  have  focused  on  the  singing  voice.  In  the  next  few  paragraphs  we  outline
some  of  these  studies  and  compare  their  results  to  studies  of  the  speaking  voice.
As  in  research  on  the  speaking  voice,  a  standard  method  to  identify  the  acoustic  underpinnings  of  emotional
meaning  perceived  in  singing  is  to  correlate  the  acoustic  profiles  resulting  from  the  portrayal  of  different  emotions
by  singers,  with  listeners’  judgments  of  emotions  perceived.  In  one  such  study  Kotlyar  and  Morozov  (1976)
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asked  11  professional  singers  to  perform  different  pieces  in  such  a  way  as  to  portray  four  full-­blown  emotions—
happiness,  sorrow,  fear,  and  anger—and  neutrality.  They  analysed  each  performance  and  measured  syllable
duration,  micropauses  between  syllables,  mean  sound  pressure  level  (SPL),  tone  rise,  and  decay  time,  and
found  characteristic  combinations  in  these  measures  for  the  various  emotions.  For  instance,  performances
recognized  as  sad  were  characterized  by  long  syllabic  durations  (that  is,  a  slow  rate  or  tempo),  angry  and  sad
performances  were  associated  with  higher  average  SPL  than  the  other  emotions,  and  syllable  onsets  and
decays  were  faster  in  anger  than  other  emotions  (a  detailed  description  can  be  found  in  Sundberg,  1987,  pp.
152–153).
In  another  study,  Sundberg  et  al.  (1995)  asked  a  professional  singer  (also  a  co-­author  in  the  publication)  to  sing
excerpts  from  Lieder  and  opera  repertoires  in  two  contrasting  fashions—(a)  in  a  concert  situation,  and  (b)  in  an
emotionally  neutral  way.  A  group  of  experienced  experts  in  singing  then  judged  both  versions  of  each  extract  in
terms  of  the  degree  of  expressivity,  and  the  particular  emotion  conveyed  (secure,  loving,  sad,  happy,  scared,
angry,  and  hateful).  The  acoustic  analysis  revealed  that  level  of  expressivity  was  associated  with  greater  F0
modulations  during  consonants  and  with  a  lowering  of  vowel  formant  frequencies.  As  regards  the  specific
emotional  qualities  of  the  performances,  renderings  characterized  by  higher  arousal  levels  (happy,  scared,
angry,  and  hateful)  were  associated  with  louder  singing  (higher  SPL),  faster  tempi,  and  higher  rate  of  loudness
variation,  when  compared  with  renderings  of  low  arousal  (secure,  loving,  sad).  These  findings  are  in  close
agreement  with  those  of  Kotlyar  and  Morozov  (1976),  and  show  striking  parallels  between  the  expression  of
emotions  in  the  speaking  and  singing  voice.  For  instance,  as  seen  in  Table  1,  joy  and  anger  are  associated  with
high  F0  variability  (assuming  that  F0  variability  in  speech  is  translated  into  vibrato  extent  in  singing),  and  sadness
is  associated  with  slow  speech  rate  and  low  vocal  intensity.  It  is  interesting  to  note  that,  for  most  performances,
judges  chose  more  than  one  term  to  characterize  the  emotions  recognized  in  each  performance,  which  as  the
authors  note,  suggests  that  it  is  difficult  to  describe  the  emotions  in  the  singing  voice  using  only  a  single  emotion
label.
In  a  study  by  Jansens  et  al.  (1997),  14  professional  singers  (seven  females)  were  each  asked  to  sing  the  phrase
‘Mein  Vater,  mein  Vater,  und  hörest  du  nicht,  Was  Erlkönig  mir  leise  verspricht…?’  from  Schubert’s  ‘Der  Erlkönig’
portraying  four  different  emotions—anger,  joy,  fear,  and  sadness  (the  phrase  was  also  sung  neutrally).  A  group
of  listeners  then  rated  the  strength  of  the  perceived  emotions  for  each  performance.  Instead  of  simply  correlating
acoustic  measures  with  the  classes  of  emotions  perceived  by  listeners,  the  authors  performed  a  principal
component  analyses  on  the  listeners’  ratings.  The  factors  obtained  (every  listener  had  a  specific  loading  on  each
factor)  were  interpreted  as  ‘listening  strategies’.  Listeners  who  rated  the  performances  in  similar  ways  had  similar
loadings  on  similar  factors.  A  combination  of  six  factors  explained  circa  90  percent  of  the  variance  of  the  ratings
for  all  emotions  labels.  These  factors  were  then  used  in  stepwise  multiple  linear  regression  analyses  (separately
for  each  emotion)  on  the  acoustic  measures  of  spectral  balance,  vibrato,  duration,  and  intensity.  The  clearest
associations  were  found  for  anger,  sadness,  and  fear.  Anger  was  associated  with  the  presence  of  vibrato,
whereas  sadness  was  characterized  by  the  absence  of  vibrato,  with  longer  durations  (slower  tempi)  and  with  low
voice  intensity.  Fear  was  related  to  a  steep  spectral  slope.  Once  again,  these  results  are  similar  to  those
described  in  Table  1  for  the  speaking  voice  and  the  ones  obtained  in  the  studies  described  above.
Another  method  by  which  to  study  the  link  between  expressed  emotions  and  acoustics  of  the  singing  voice  is  to
obtain  recordings  of  the  same  songs  performed  by  various  singers,  and  analyze  listeners’  judgments  of  emotions
perceived  for  each  particular  performer.  By  fixing  the  musical  material  in  this  way,  it  is  possible  to  focus  with
more  detail  on  aspects  of  voice  quality  and  singing  acoustics,  and  to  better  understand  how  different  singers
encode  particular  emotions  in  their  singing.  In  this  line  of  research,  Siegwart  and  Scherer  (1995)  conducted
digital  acoustic  analyses  of  two  excerpts  from  the  cadenza  in  the  ‘mad  scene’  from  Donizetti’s  ‘Lucia  di
Lammermoor’  sung  by  five  renowned  singers  (Toti  dal  Monte,  Maria  Callas,  Renata  Scotto,  Joan  Sutherland,  and
Edita  Gruberova).  The  authors  were  able  to  show  that  the  voice  samples  of  the  five  singers  differed  quite
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substantially  with  respect  to  objective  acoustic  variables,  and  that  these  measures  could  be  used  to  predict  a
high  percentage  of  the  variability  in  listener  judgments  of  emotional  expressiveness,  and  preference  for  a
particular  performer  or  interpretation.
Howes  et  al.  (2004)  used  a  similar  methodology  to  investigate  associations  between  acoustic  cues  and
perceptual  dimensions  related  to  the  use  of  vibrato  in  Western  operatic  singing.  Their  findings  showed  that  the
perception  of  the  singers’  vibrato  by  listeners  did  not  always  agree  with  objective  acoustic  measurements,  but  a
comparison  of  the  acoustic  measurements  with  preference  and  emotion  judgments  indicated  that  at  least  some
elements  of  vibrato  are  likely  to  affect  listeners’  perception  of  the  singing  voice  and  their  preference  for  a
particular  singer.
Another  relevant  method  to  study  a  wide  range  of  possible  acoustic  variation  in  the  singing  voice  (as  well  as
music)  is  to  manipulate  acoustic  parameters  in  an  independent  manner  and  see  how  they  correlate  with  listeners’
perception  of  particular  emotions  or  broad  classes  of  affective  qualities.  Scherer  and  Oshinsky  (1977)  have
applied  such  a  procedure  to  the  study  of  expression  in  instrumental  music.  They  systematically  varied  various
acoustic  parameters  (using  a  Moog  synthesizer)  of  a  short  speech-­like  melody  and  a  Beethoven  melody  and
have  shown  that  66–75  percent  of  the  variance  in  the  emotion  attributions  can  be  explained  by  the  manipulated
acoustic  cues.  In  the  study  by  Kotlyar  and  Morozov  (1976)  described  above,  the  authors  have  also  used  a
similar  procedure  to  evaluate  the  role  of  the  acoustic  features  found  to  differentiate  among  emotions.  They  used
electronically-­generated  signals  to  manipulate  the  respective  features  and  also  found  that  judges  were  able  to
identify  the  underlying  affect  rather  well.
Another  related  and  very  promising  method  to  systematically  vary  acoustic  cues  in  the  singing  voice  is  to  use
synthesis  (the  creation  of  vocal  samples)  and  resynthesis  (variation  of  an  existing  vocal  sample).  The
spectacular  advances  in  the  synthesis  of  the  singing  voice  (e.g.  Fonseca,  2011;;  Goto  et  al.,  2012;;  Kenmochi  and
Ohshita,  2007;;  Risset,  1991;;  Sundberg,  1978)  make  it  possible  to  carry  out  investigations  in  which  various
acoustic  voice  parameters,  fundamental  to  emotional  expression,  can  be  systematically  manipulated,  and  their
effects  and  relevance  for  the  recognition  of  emotion  quantified.  Unfortunately,  similar  techniques  do  not  exist  just
yet  in  relation  to  resynthesis  methods,  but  should  they  become  available  it  would  be  extremely  advantageous  to
the  understanding  of  the  expression  of  emotions  in  natural  singing  voices.  For  instance,  one  could  find  out  which
acoustic  characteristics  need  to  be  modified  to  alter  a  singer’s  emotional  effect  (as  already  used  in  the  study  of
vocal  expression  in  the  speaking  voice;;  see  Bergmann  et  al.,  1988).
A  related  question  is  the  extent  to  which  the  acoustic  cues  to  emotion  differ  across  vocal  genres.  For  instance,
popular  singing  is  characterized  by  an  aesthetic  of  naturalism  which  manifests  as  a  declamative  style  prioritizing
the  clarity  of  the  text  and  encompassing  paralinguistic  features  such  as  vocal  creaks,  roughness  and  cries
(Lacasse,  2009;;  Moore,  2012,  pp.  102–103).  This  contrasts  with  classical  singing,  for  example,  in  which  the
emphasis  is  on  maintaining  continuity  and  smoothness  of  tone,  which  allows  more  modification  of  vowel  sounds,
but  fewer  of  the  ‘noisy’  discontinuities  found  in  popular  singing  styles.  In  the  absence  of  any  empirical  evidence
we  might  anticipate  that  popular  styles  will  show  greater  similarity  to  acoustic  cues  to  emotion  in  speech  than  will
classical  vocal  styles.
Concluding  remarks:  applications  in  singing  performance
and  vocal  training
As  is  evident  from  what  has  been  discussed  in  this  chapter,  research  on  the  expression  of  emotions  in  the
singing  voice  is  still  in  its  infancy.  Nevertheless,  we  have  described  methodologies  used  in  the  study  of
emotional  expression  in  the  speaking  voice  and  music  which,  if  applied,  can  lead  to  important  developments  in
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our  understanding  of  singing  expression.  Indeed,  the  technical  procedures  for  the  analysis  of  voice  parameters
are  relatively  well  developed,  and  there  are  now  many  methods  and  software  tools  that  allow  researchers  to
objectively  analyse  the  singing  voice  in  straightforward  ways  (e.g.  Praat:  Boersma  and  Weenink,  2013;;  Sonic
Visualizer:  Cannam  et  al.,  2010;;  PsySound3:  Cabrera  et  al.,  2008;;  MIR  Toolbox:  Lartillot  and  Toiviainen,  2007;;
OpenSMILE:  Eyben  et  al.,  2010;;  WaveSurfer:  Beskow  and  Sjölander,  2000).
The  application  of  this  knowledge  to  singing  practice  is  greatly  dependent  on  the  knowledge  gained  from  study  of
the  physiological  aspects  of  vocal  productions  and  the  acoustic  cues  produced,  which  are  drivers  of  listeners’
perceptions  of  affective  meaning.  With  such  knowledge,  it  is  possible  to  allow  singers  to  practice  the  expression
of  certain  emotions  by  systematically  producing  the  configurations  of  voice  parameters  characteristic  of
particular  expressions.  Certainly,  this  would  be  merely  a  mechanical  procedure  by  which  to  reproduce  acoustic
patterns  that  supposedly  convey  certain  emotional  qualities.  However,  there  is  evidence  in  experimental
psychology  that  the  purely  mechanical  production  of  emotion  expression  by  proprioceptive  feedback  (see
McIntosh,  1996)  can  lead  (at  least  in  a  rudimentary  way)  to  physiologically  measurable  emotional  experiences:
for  example,  in  the  face  (Levenson  et  al.,  1990),  even  without  the  person  knowing  that  his  face  shows  an
emotional  expression  (Strack  et  al.,  1988),  in  body  posture  (Riskind  and  Gotay,  1982)  and  breathing  patterns
(Philippot  et  al.,  2002).  It  seems  plausible  to  assume  that  the  mechanical  production  of  a  vocal  expression  has
similar  effects,  and  the  striking  similarities  between  the  results  of  the  acoustic  cues  in  emotional  expression  in
speaking  and  singing  suggest  that  this  is  also  true  in  singing.
It  might  also  be  possible  to  create  systems  capable  of  real-­time  acoustic  measurements  of  the  singer’s  voice,
which  could  be  used  to  make  predictions  about  the  emotions  being  conveyed,  and  to  provide  feedback  to
singers,  during  practice  or  in  performance,  to  allow  them  to  fine-­tune  their  technique.  The  study  of
expressiveness  in  the  speaking  voice  and  music  has  led  to  the  development  of  various  kinds  of  statistical,
mathematical,  and  machine  learning  models,  which  can  make  very  satisfactory  predictions  of  emotional  qualities
or  states  (as  perceived  by  humans)  from  voice  cues  alone  (e.g.  Batliner  et  al.,  2011;;  Coutinho  and  Dibben,
2012).  Such  systems  could  also  be  developed  to  predict  various  kinds  of  affective  meaning  or  responses  for  the
singing  voice,  provided  more  systematic  work  is  conducted  in  the  future  regarding  the  link  between  acoustics
and  expressiveness  in  singing.  Indeed,  there  are  good  reasons  to  believe  that  a  reliable  emotion  recognition
system  could  be  developed,  particularly  due  to  the  fact  that  many  of  the  associations  between  acoustic  cues  and
emotional  qualities  found  for  the  speaking  voice  seem  to  be,  at  least  partially,  also  relevant  for  the  singing  voice.
There  are  various  specific  scenarios  to  which  such  systems  could  be  extrapolated  and  inform  singing  practice
by  allowing  singers  to  explore  changes  in  their  voice  and  technique,  to  produce  particular  emotions  or  even
subtle  variations  of  the  same  emotion.  For  instance,  they  could  be  used  to  provide  feedback  in  singing  lessons,
by  allowing  singers  to  develop  their  expressive  skills.  By  complementing  such  a  system  with  a  formal  database
of  prototypical  expressions  of  emotion  in  singing  (and  perhaps  speech)  expressions,  it  would  be  possible  to  help
students  train  their  emotional  interpretation  objectively.  In  point  of  fact,  any  singer  interested  in  developing
expressive  skills  could  use  these  feedback  systems.  Another  possibility,  in  the  realm  of  live  performance,  and
particularly  improvisation,  would  be  to  use  feedback  from  emotion  recognition  systems  to  help  singer  and
musicians  to  detect  each  other’s  emotions  while  performing,  and  to  inform  vocal  and  instrumental  performance
strategies  (see  Juslin  et  al.,  2006,  for  an  application  of  this  concept  to  the  communication  of  emotion  in  guitar
performances).
It  should  be  noted  that  the  vocal  apparatus  of  singers  determines  many  aspects  of  voice  quality,  which  are
audible  in  singing  and,  in  turn,  affect  the  acoustic  signal  produced,  as  well  as  expressivity  (see,  for  instance,
Howes,  et  al.,  2004;;  Siegwart  and  Scherer,  1995).  For  instance,  the  length  and  thickness  of  the  vocal  cords  and
configuration  of  the  vocal  tract  are  crucial  in  determining  a  singer’s  voice  quality,  and  alter  the  behavior  of  various
acoustic  features,  such  as  the  fundamental  frequency  and  harmonics.  These  characteristics  (which  when
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physiologically  determined  cannot  be  intentionally  manipulated  or  changed)  are  factors  that  determine  emotional
expression.  A  feedback  system  could  allow  singers  to  alter  certain  properties  of  their  singing  voice  (those
consciously  controllable)  and  measure  their  emotional  impact  in  order  to  achieve  the  intended  expression.
The  interest  of  emotion  recognition  in  the  singing  voice  is  also  pertinent  to  areas  outside  the  performing  arts.  One
possibility  is  to  apply  these  methodologies  to  music  therapy,  where  practitioners  often  focus  on  the  relationship
between  musical  improvisation,  emotional  states,  and  social  relationships  in  their  clients  (Dvorkin,  1982;;
Pavlicevic,  1999;;  Stephens,  1983).  Real-­time  recognition  of  emotions  in  clients’  voices  while  singing  could  be  a
useful  tool  in  support  of  therapists’  observational  work  and  inform  their  strategies  during  specific  sessions.
Most  of  these  suggestions  still  belong  to  the  future.  Currently,  there  are  only  a  few  researchers  addressing  the
complex  issues  surrounding  the  expression  of  emotions  in  the  singing  voice,  and  an  intensive  cooperation
between  psychologists,  musicologists,  and  performers,  is  still  necessary  to  accelerate  research  in  this  area.
One  example  is  The  Swiss  Center  for  Affective  Sciences,  which  as  part  of  a  Music  and  Emotion  research  focus
has  established  singing  as  a  priority  research  topic.  A  number  of  interdisciplinary  studies  on  the  acoustics  of
emotional  expression  in  singing  and  the  effects  on  listener  impressions  are  currently  ongoing.  To  summarize,
interdisciplinary  approaches  and  cooperation  are  central  aspects  of  a  fruitful  and  sustainable  study  of  the
expressive  powers  of  the  singing  voice.
This  research  was  supported  by  the  National  Center  of  Competence  in  Research  (NCCR)  Affective  Sciences
financed  by  the  Swiss  National  Science  Foundation  (51NF40-­104897)  and  hosted  by  the  University  of  Geneva.
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